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To study the extracellular acid-base equilibrium in vivo, it is
necessary to obtain arterial blood samples without inducing
concomitant respiratory or metabolic disturbances. Respiratory
artifacts have been reported when general anesthesia had to be
induced to allow the tapping of blood [1—5]. Similarly, blood
collected by heart puncture or fast decapitation may not accu-
rately reflect the acid-base status of unrestrained conscious
animals [6—81.
The technique of permanent cannulation of aorta and vena
cava has been developed to obviate such difficulties in small
laboratory mammals [9]. This technique allows repetitive blood
sampling from unanesthetized and undisturbed animals. Also,
the fall in hematocrit and arterial blood pressure, associated to
repeated arterial blood sampling in the rat [10], can be prevent-
ed by the simultaneous transfusion of equal volumes of matched
donor's blood via the venous cannula [2, 11].
However, in the rat, the permanent cannulation of aorta and
vena cava triggers a prolonged reduction in food intake and
growth [6, 9]. This alteration of metabolism could in turn
significantly modify the acid-base balance of the animals. The
time necessary for the rats to regain a normal weight can take
up to 6 weeks [6]. Despite attentive care, it is difficult to
maintain the permeability of the cannulas for such a length of
time with a high rate of success. Several studies in permanently
cannulated small laboratory mammals were performed during
the first days following the implantation of the catheters [1—3, 7,
10, 12].
The present study was designed to investigate the impact of
the permanent cannulation of the aorta and vena cava upon
acid-base balance during the first days after the implantation of
the catheters in the rat. For that purpose, the nutritional and
acid-base status of conscious rats was examined daily for 4 days
through balance studies carried out in cannulated and noncan-
nulated animals.
Methods. Male Wistar S.P.F. rats, purchased from C.E.R.
Janvier, France were allowed to adapt to their new housing and
feeding conditions for at least 1 week in the laboratory. They
were placed in individual metabolic cages (S.A.F.I., Italy)
allowing separate collection of urine and feces, submitted to a
12-hr light/darkness cycle, and kept at an ambient temperature
of 20 1°C. The rats had unlimited access to standard rat chow
[Usine Alimentation Rationelle (U.A.R.) No. A 04, France].
The composition of this diet is detailed in Table 1. They drank
tap water ad libitum. At the end of this adaptation period, the
rats weighed between 240 and 300 g.
Six rats were drawn at random to form the noncatheterized
795
control group (NC group). Throughout the study these animals
were maintained under the same conditions as during the
adaptation period. Six rats formed the catheterized group (C
group). In these rats, two catheters were inserted under light
ether anesthesia into the aorta via the carotid artery and into the
vena cava via the contralateral jugular vein. The catheters were
then tunneled subcutaneously to the back of the neck, accord-
ing to the technique of Popovic and Popovic [91. To ensure a full
recovery from anesthesia, 24 hr were allowed to elapse before
measurements were taken. In a complementary experiment,
three noncatheterized rats (NCPF group) were pair-fed with
three catheterized rats (C' group). On a given day, the NCPF
rats were allowed access only to the average amount of food
and water ingested on the previous day by the C' group rats.
Three noncatheterized controls (NC' group), with unrestricted
access to food and water, were also studied simultaneously. All
animals from NCPF, C' and NC' groups had matched weights
at the start of this experiment. Finally, in five rats (CAL group),
one carotid artery was ligated after neck dissection under
general anesthesia, but a cannula was not inserted.
During the period of study, the NC, C, NCPF, NC' and C'
group rats, their drinking bottles, feeding boxes, and urine
collecting tubes were weighed daily on 4 consecutive days.
Urine was collected under mineral oil with thymol crystals
added as an antibacterial preservative. One milliliter of arterial
blood was withdrawn every day from group C rats for micro-
method determination of blood gases and acid-base parameters.
Sampling was performed outside the cages from undisturbed
animals, through lines emerging over the lid of the cage and
connected to the indwelling catheters at least 15 mm before
sampling. Hemodynamic disturbances were prevented by si-
multaneous transfusion into the venous cannula of 1 ml of blood
from donors submitted to identical housing and feeding condi-
tions. Both maneuvers were performed at a slow rate (1 m113
mm).
The concentrations of sodium and potassium in urine were
determined by flame photometry and chloride concentrations
by a coulometric method (CMT 10, Radiometer, Copenhagen,
Denmark). Urinary titrable acid was measured titrametically
(TTT 60 Titrator coupled to ABU 12 autoburette, Radiometer),
according to the technique of Nutbourne and de Wardener [131.
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Ammonium excretion was determined by a modified Jorgensen
formol titration [14], and urinary total carbon dioxide content
with a carbon dioxide analyzer (965, Corning, United King-
dom). The pH of urine was measured at 20°C. Arterial pH, Pco2
and P02 were determined at 37°C by micromethod (microelec-
trode unit, Radiometer, and Combi-analysator, Eischweiler,
Kiehl). Plasma creatinine was determined by the method of
Jaffe adapted for the FP9 analyzer (Sebia, Finland).
Twenty-four-hour water and electrolyte balances were calcu-
lated as the sum of water and/or food intake minus urinary
output. The urinary net H excretion was calculated as the sum
of titrable acid and ammonium minus total carbon dioxide
excretion. Plasma bicarbonate concentrations were calculated
according to Henderson-Hasselbalch's equation, taking 0.0308
as the solubility coefficient of carbon dioxide and assuming that
the pK' of carbonic acid in plasma is pH-dependent at 37°C [15].
Variations between days, groups, and rats were studied by
the analysis of variance. In the presence of a global group or
time effect the significant differences between means were
localized by comparison to the calculated least significant
difference.
Results. The mean weight change, food intake, water and
electrolyte balance in NC and C groups on each day of study are
presented in Table 2. NC rats gained weight steadily throughout
the study, despite a significantly lower food ingestion on day 1
(P < 0.001). Their water intake and diuresis did not vary
significantly and resulted, on the average, in an apparent
positive water balance of 17.7 0.8 g/24 hr. Some water
retention might be expected in NC rats, as a result of continu-
ous growth, although not in excess of the 5 g/24 hr average
weight gain. Since perspiration is very limited in long-haired
mammals and no diarrhea was observed in the rats, ventilatory
losses presumably accounted for the bulk of the apparent water
imbalance. The slightly positive sodium, potassium, and chlo-
ride balances appeared compatible with unmeasured fecal
losses (S. Mackay, personal communication). C rats presented
a sharp contrast with NC controls as far as nutrition was
concerned. On the first day, they lost 26.3 2.9 g of body
weight, a very significant difference (P < 0.001) from the
growth observed in NC rats. From day 2 on, they kept losing
weight at a steady but significantly smaller (P < 0.001) rate of
5.4 2.0 g/24 hr. C rats also reduced their food intake to about
one fifth of the ingestion of NC rats throughout the study (P <
0.001). As in group NC, the food intake was lower (P < 0.05) on
day 1. The conservation of an undiminished diuresis despite a
significant reduction in fluid intake (P < 0.001 on days I and 3,
P < 0.05 on day 2), in C rats as compared to NC controls, might
result in part from the liberation of endogenous water associat-
ed to weight loss. Similarly, the negativation (P < 0.00 I on days
1, 3 and 4, P < 0.01 on day 2) of potassium balance in group C
seemed to indicate muscle catabolism. On the average, urinary
potassium excretion in group C still amounted to 38% of that in
group NC, whereas both potassium and food intake in group C
were reduced to only 23% of those in group NC. Sodium and
chloride balances remained under those of NC rats on all days.
All electrolyte balances in group C were significantly more
negative on day 1 (P < 0.01).
Urinary titrable acid, ammonium, total carbon dioxide, and
net W excretion in groups NC and C are presented in Table 3.
No significant difference was found either between groups or
days, although acid excretion showed a tendency to increase
and carbon dioxide to decrease on day 2 in group C.
In C rats, the acid-base balance and P02 of arterial blood,
presented in Table 4, were remarkably steady with the excep-
tion of a slight drop (P < 0.01) in Pco2 on days 3 and 4.
The mean growth, food intake, water balance, and urinary
net H excretion of three NC', C', and NCPF rats are com-
pared in Table 5. None of these variables differed significantly
between groups NCPF and C', except for a greater weight loss
(P < 0.05) in NCPF rats on day 3. On the contrary, the food
intake and water balance of NCPF and C' rats differed on all
days (P < 0.001) from those of NC' controls, as did weight
change on days 1 (P < 0.001) and 2 (P < 0.05). Net H
excretion and urine pH never differed significantly between the
three groups, although a trend toward higher net H excretion
on day 2 was again apparent in groups NCPF and C'.
The evolution of the mean weight of CAL, NC, and C rats is
presented in Figure 1. Weights of day I in this figure were
measured just prior to carotid ligation or insertion of the
cannulas. Despite anesthesia and surgery, the weight curve of
CAL rats remained ascending and parallel to that of NC rats.
On the contrary, the curve of C rats descended until day 5 and
started ascending only between days 5 and 8.
Discussion. The technique of permanent cannulation of aorta
and vena cava has been used repeatedly to investigate the
extracellular acid-base balance in the conscious rat [2, 3, 6, 7,
10, 121. This technique, when associated to simultaneous trans-
fusions, allows repeated blood sampling without hypovolemia
from unanesthetized and unstressed animals [2, 9, 11]. Howev-
er, the permanent catheterization of large vessels notably
disturbs the nutritional balance of the rats and could thus alter
their acid-base equilibrium significantly. The time necessary for
the catheterized animals to recover a normal weight requires
several weeks and this delay often results in the obstruction of
the catheters. The aim of this study was to examine, as far as
acid-base equilibrium and its regulation were concerned, the
Table 1. Composition of rat chow (U.A.R. No. A 04)
Caloric value
Water
Digestible proteins
Other sources of nitrogen
Carbohydrates
Cellulose
Lipids
Minerals, vitamins
Minerals: Sodium
Potassium
Chloride
Calcium
Phosphorus
Vitamins: A
D3
B1
B2
B3
B6
B12
E
K3
PP
Folic acid
Choline
3270 cal/kg
12%
14.8%
2%
59.4%
4.1%
2.7%
5%
2.4 g/kg
6 g/kg
4.4 g/kg
6 g/kg
5.9 g/kg
850,000 UI/kg
202,000 UI/kg
700 mg/kg
650 mg/kg
1,650 mg/kg
215 mg/kg
1.9 mg/kg
3,300 mg/kg
250 mg/kg
7,500 mg/kg
50 mg/kg
158,000 mg/kg
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Table 2. Twenty-four-hour food and water intake, diuresis, change in weight and electrolyte balances of catheterized (C) and noncatheterized
(NC) rats'
Day of
study
GroupN = 6
Change in
weight
g/24 hr
Food
intake
g124 hr
Water
intake
g/24 hr
Diuresis
gI24hr
Sodium
balance
mmo/es124 hr
Potassium
balance
mmolesl24 hr
Chloride
balance
mrnolesI24 hr
I NC 3.7 2.4 19.6 2.0 29.7 1.8 13.8 1.8 0.56 0.25 0.54 0.49 0.24 0.30
C —26.3 2.9d 2.6 1.4" 15.1 1.0' 19.7 3.2 —0.55 0.28" —1.15 0.20" —0.93 0.32'
2 NC 5.5 1.1 25.1 1.5 31.0 1.7 13.4 1.5 0.89 0.11 1.35 0.12 0.65 0.13
C —4.5 4.8 6.3 2.5" 18.9 2.8b 10.7 1.2 0.24 0.20" 0.05 0.33° 0.15 0.22
3 NC 6.5 0.8 27.7 0.8 33.2 2.4 12.8 1.8 0.96 0.06 1.56 0.19 1.01 0.10
C —5.5 3.2 7.6 2.4d 20.7 2.9° 13.9 2.8 0.39 0.22b —0.09 0.20" 0.15 0.24"
4 NC 3.4 0.6 27.9 1.6 29.9 2.5 13.1 2.1 0.71 0.07 1.39 0.34 0.77 0.21
C —6.3 2.6 6.4 2.5" 23.2 7.1 17.2 6.4 0.32 0.11 —0.27 0.19" 0.12 0.15
Values are the means SEM.
P < 0.05, compared with group NC.
P < 0.01, compared with group NC.
d P < 0.001, compared with group NC.
Table 3. Twenty-four-hour urinary TTA, NH4, total carbon dioxide and net H excretion in the noncatheterized (NC) and catheterized (C)
groupsa
Day of
study
GroupN = 6
TTA
,'.rmoles/24 hr
NH4
p.molesI24 hr
CO2
molesI24 hr
Net H*
excretion
pmolesl24 hr
Urine pH
at 20°C
jmolesI24 hr
I NC 441 178 416 71 162 39 695 260 6.87 0.09
C 137 16 432 46 161 32 408 81 6.74 0.09
2 NC 219 95 356 59 143 45 432 121 6.88 0.15
C 302 62 540 86 82 31 760 163 6.47 0.12
3 NC 265 109 428 123 266 143 427 146 6.96 0.18
C 209 71 481 95 195 65 495 203 6.77 0.15
4 NC 260 119 534 66 187 49 607 107 6.94 0.11
C 233 53 400 50 137 70 497 140 6.80 0.09
Values are means SEM. There was no significant difference at any time between groups NC and C.
Table 4. Arterial blood pH, P,0,, P0,, and plasma bicarbonate
concentration in the catherized (C) group'
Day
of
study pH
Pco,
mml4g
P0,
mrnilg
HCO1
mmolesl
liter
1 7.465 34.8 96.5 25.4
2 7.475 34.2 94.6 25.5
3 7.476 32.8 92.3 24.4
4 7.489 31.5 95.2 24.3
'Values are the means SEM from six rats.
validity of such an experimental preparation during the first
days following the insertion of the cannulas in the rat. Results
obtained from catheterized and noncatheterized rats, placed
under otherwise similar conditions, were compared to deter-
mine the magnitude of the distortions imposed on nutrition and
acid-base balance by the permanent cannulation of the aorta
and vena cava,
Following insertion of the catheters, the normal growth of the
rats was interrupted. During the 4 days of study, the animals
reduced their food and water intake drastically. This semi-
starvation was associated with tissue catabolism, indicated by
loss of weight, conservation of an undiminished urinary acid
excretion, and a relative increase in the excretion of potassium.
Comparable behavior has been previously reported following
surgical trauma in the rat and was found to be associated with a
negative nitrogen balance [16]. To distinguish between the
relative participation of reduced food intake on one hand, and
excess tissue catabolism possibly induced by permanent cannu-
lation on the other hand, noncatheterized rats were pair-fed
with catheterized rats. The nutritional disturbances observed in
cannulated animals were replicated in NCPF rats by an equiva-
lent restriction in food intake alone. Moreover, the catabolism
in cannulated animals, as judged by net acid excretion and
weight loss, did not exceed that of NCPF rats (Table 5). Thus,
tissue consumption in catheterized rats seems limited to the
strict amount needed to satisfy basal energy requirements in the
presence of an inadequate food ingestion. The consequence of
the presence and use of indwelling catheters appears to lie in a
reduction of the appetite of the animals rather than in a direct
stimulation of tissue catabolism. An important contribution of
general anesthesia and neck dissection to these disturbances
can be excluded since rats, who underwent ligation of one
carotid artery alone without cannula implantation, did not lose
weight postoperatively and exhibited an almost normal growth
pattern (Fig. 1).
Despite its pronounced metabolic repercussions, the perma-
nent cannulation of aorta and vena cava in the rat does not alter
significantly the extracellular acid-base equilibrium or its regu-
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Table 5. Comparison of growth, food intake, water balance, and urinary net acid excretion and pH between noncatheterized (NC'),
catheterized (C') and noncatheterized rats pairfed with C' rats (NCPF)a
Day
of
study
Group
N = 3
Weight
change
g124 hr
Food intake
g124 hr
Water
balance
g124 hr
Net H
excretion
,umoles/24 hr
Urine
pH at 20°C
I NC' 2.0 4.9° 20.0 2.0° 16.3 3.6° 538 198 6.87 0.10
NCPF —25.2 1.0 2,2 0.6 —0.2 1.8 589 57 6.67 0.06
C' —28.1 5.7 2.5 2.4 —5.7 5.2 338 82 6.79 0.14
2 NC' 5.5 2.4b 22.9 2.3° 16.9 3.lc 432 68 6.84 0.07
NCPF —8.1 1.5 4.6 0.9 7.3 1.1 994 202 6.41 0.08
C' —7.2 7.8 3.8 2.7 6.6 4.8 686 163 6.37 0.22
3 NC' 6.8 1.6 27.6 l.lc 22.2 3.1° 387 199 6.90 0.11
NCPF —7.7 1.9" 5.7 1.1 5.8 2.6 336 77 6.67 0.07
C' 0.1 4.4 9.7 3.8 11.4 4.8 598 370 6.66 0.28
4 NC' 3.5 1.1 30.0 2.7° 17.6 2.9° 507 114 6.96 0.10
NCPF —7.0 2.5 5.9 0.6 4.8 2.1 546 144 6.33 0.10
C' —1.0 1.3 9.1 4.5 8.8 2.4 362 272 6.79 0.15
° Values are the means SEM.
P < 0.05, NC' significantly different from NCPF and C'.
° P < 0.001, NC' significantly different from NCPF and C'.
P < 0.05, NCPF significantly different from NC' and C'.
concentrations throughout the study (Table 5). Determination
of the creatininemia in the C rats confirmed the absence of any
transitory renal insufficiency. Similarly, group C rats were able
to maintain steady P02 and, to a lesser extent, Pco2, reflecting
the efficient functioning of the respiratory regulation under
nonsteady metabolic conditions. Bilateral neck dissection and
cannulation did not appear to impair the proper functioning of
carotid chemoreceptors.
In conclusion, no marked alteration in extracellular acid-base
equilibrium or acid-base regulation could be detected in the rat
during the first days following permanent cannulation of aorta
and vena cava, despite the observation of deeply modified
nutritional conditions. The acid-base equilibrium of the cathe-
terized rats remained comparable to that obtained by other
techniques or from different species. This experimental prepa-
ration can thus be considered as a model suitable for studying
the extracellular acid-base balance as early as 48 hr following
insertion of the cannulas.
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